Hybrid energy resources are generally accepted with the concern of global pollution and warming. Optimization studies on the detailed scheduling of hybrid energy usage are trying to find solutions for complex problems including uncertainty and lots of data. This paper proposes a stochastic model for detailed scheduling of a tri-generation system using wind and solar sources with thermal collectors. The proposed hourly scheduling will allow balancing the production and consumption as well as giving more realistic commitments the day ahead. The model is currently working with the simulated data and the case application has started.
I. INTRODUCTION
Energy system optimization is studied in different fields of the energy industry. Majority of the studies are focused on investment, design, or operational economics. When it gets to the operational optimization, challenges like load optimization, demand site management and day ahead costing become common objectives. Scheduling is one of the most encountered short-term operational problems. The rising research field is the advanced scheduling of energy production for integrated use of hybrid resources.
This study proposes a new model for detailed scheduling of a renewable tri-generation system with uncertainties. The sample system is designed to include a wind turbine, the solar photovoltaic panels and thermal collectors for the use of a manufacturing plant. Uncertainties in electricity price, energy demand, and output of renewable resources causes the construction of a complex problem. The proposed model uses a stochastic approach to handle the uncertainties of the problem.
The paper is so organized that, a literature review of scheduling studies on renewable energy resources is summarized in the next section. Section III will give a brief definition of CCHP systems and the proposed system. Then, Sections IV and V will be devoted to model the system linearly and stochastically in detail. The concluding remarks will be given in the last section.
II. LITERATURE REVIEW
Scheduling of the energy systems concerns operational strategies. The scheduling problem should provide the balance of energy production and consumption because energy consumption is as important as energy production.
Renewable energy systems have lots of potential advantages on especially environment; however suitable scheduling strategies must be constituted in order to exploit these advantages.
There are several studies that consider the renewable energy systems, combined heating and power (CHP) energy systems, or both of renewable and CHP systems. Scheduling of renewable energy systems are mostly studied. Many of these studies consider the uncertainty of wind or solar energy systems.
Many studies generally prefer to optimize the wind energy system Two-stage stochastic programming method is widely applied for wind energy systems [1] - [5] in order to minimize the cost or maximize the profit. Ref [2] also carried out a bilevel programming framework for similar purpose. Ref. [6] and Ref. [7] used stochastic programming with scenario analysis to schedule the energy system based on wind energy. Ref. [8] also considered the uncertainty of wind energy and implemented mixed-integer linear programming. Ref. [9] applied Monte Carlo simulation and mixed-integer linear programming to solve the unit commitment problem for a wind-based energy system. In another wind-based system study, neural networks were used to maximize the daily revenue [10] .
A few studies also optimized the schedule of wind-solar energy systems. Ref. [11] solved the storage scheduling problem and Ref. [12] solved the production scheduling problem by mixed-integer linear programming for a hybrid renewable energy system. To handle with the uncertainty of a wind-solar energy system, Ref. [13] implemented fuzzy optimization where Ref. [14] employed two-stage stochastic programming. Ref. [15] minimized cost and emission by particle swarm optimization. Ref. [16] applied Markov decision process for storage scheduling.
Previous studies investigate the energy systems that only produce electricity. There are a few studies that consider CHP systems based on wind or solar or wind-solar hybrid energy systems. Ref. [17] implemented mixed-integer programming for multi objective optimization and utilized fuzzy decision making whereas Ref. [18] applied bi-population chaotic differential evolution algorithm for a wind-based CHP system. Ref. [19] used mixed integer programming and Ref. [20] applied auto-regressive moving average, time series model and stochastic mixed integer programming for a solar-based CHP system. Ref. [21] modeled wind energy and photovoltaic as a stochastic model in detail. The electricity and thermal power production were scheduled by hybridizing artificial neural network with genetic algorithm and a priority list. Ref. [22] proposed an enhanced cuckoo optimization algorithm for a wind-solar hybrid system that produces both of electricity and heating by focusing on energy storage systems.
It is observed that there are not many studies on scheduling of trigeneration energy systems. An example for scheduling of a solar-based CCHP system which uses PV model is proposed by Ref. [23] . They solved the scheduling problem with linear programming.
III. CCHP SYSTEM
Trigeneration systems produce three types of energy, simultaneously. These systems utilize waste heat which gets out while producing electricity. The most known form of trigeneration is combined cooling, heating and power systems which is called as CCHP. CCHP is a decentralized energy system which does not depend on a central system. Therefore, transmission losses and any interruptions are less than the traditional energy systems. Production point is close to consumption point. CCHP is generally fed by naturalgas based power generation units such as boilers, gas engines, gas turbines, Stirling engines, fuel cells [24] .
The main power generation units produce the electricity and heating as is the case with CHP. The difference from CHP is converting the electricity and heating to cooling by using electrical chiller and absorption chiller or adsorption chiller. A typical CCHP system is shown in Fig. 1 . This study considers a trigeneration energy system that mainly utilized wind and solar energy (shown in Fig. 2 ). When wind and solar energy are not enough, electric will be purchased form the grid or natural gas. Photovoltaic (PV) systems and solar thermal collectors will take place in the system by utilizing the solar. PV units only produce electricity while solar thermal collectors can produce both of electricity and heating. The system tries to satisfy the demand of electricity and heating from directly auto-production or grid. For industrial systems, industrial outputs such as steam will also support the heating output. Remaining part of the production is stored in the battery and thermal storage devices. Since outputs of wind and solar energy are fluctuated, electricity prices and power demands are uncertain, storage has a significant role. Battery and thermal storage devices not only meet the following period's electricity and heating demand but also provide the electricity and heating to the electrical and absorption chiller in order to convert them to cooling.
IV. SYSTEM MODELLING

A. Definitions
Before explaining the objective function and constraints in detail, the subscripts, decision variables, and parameters used in mathematical model are defined. Table I gives this nomenclature.
B. Objective Function
The objective of the model is to minimize the total production and stock costs. Since the production and consumption of the energy is hourly scheduled, total cost function is equal to the sum of each hour's cost. Table II displays the cost items for hour t. Since gas turbine provides both electricity and heating, the production costs depend on efficiencies. When efficiency increases, unit cost decreases.
We want to minimize the daily costs. Thus, the objective function is the sum of these cost items over 24 hours. 
Cooling balance
Storage capacity constraints (battery and thermal storage devices): Electricity and heating are stored as energy not power. The capacities are based on chosen battery and thermal storage device.
Production capacity constraints: Capacity for wind turbine is based on the probability density function of wind speed.
where v denotes wind speed. Since wind speed is uncertain, we consider its distribution as empirical distribution.
The amount of solar irradiance affects the capacity for PV panels and thermal collectors. Both of them are based on solar irradiance (I) with different functions.
Naturalgas boiler and naturalgas gas turbine capacities do not change after the design of the system. On the other hand, capacities of gas turbine for electricity and for heating depend on their efficiencies. If efficiency is high, then there is more capacity for that energy type.
There is also an upper limit for purchasing electricity from grid.
CO 2 emission: Environmental impact of gas emissions is another significant fact that must be considered. Since CO 2 emission causes global warming, total emission should be restricted by an upper bound.
Energy equations: In addition to these constraints, there are a few equations about energy transformation, availability.
Cooling by the chillers cannot be directly transformed as imported electricity and heating. Amount of produced cooling is calculated by multiplying the required electricity and heating with coefficient of performance (COP) which describes efficiencies of chillers.
Since cooling is produced by electricity and heating imported from storages, imported electricity and heating should not exceed the amount in storages.
V. STOCHASTIC MODELLING Stochastic programming is used to handle the uncertainties detected during the simulation of the model. Uncertainty may be in constraints or in any coefficient of objective function.
Let A(x) be the event that is desired to realize where Z is the random vector that includes uncertainty.
Then, in stochastic programming, probabilistic constraint for event A(x) is formulated as in the following [25] . 
VI. CONCLUSIONS
A hybrid renewable trigeneration system model, comprising wind turbine, photovoltaic panels, thermal collectors, naturalgas gas turbine and boiler has been developed. Conventional systems that produce only electricity becomes not sufficient for any plant of building, especially for industrial plants where heating and cooling are also necessary in production processes. Energy demands are generally uncertain at these industrial plants because of uncertainty in sales demands. In addition, renewable energy resources are more environmental friendly whether the system is conventional or CHP or CCHP. Considering all of these aspects, uncertainties in electricity price, demands, and outputs of wind-solar systems have been considered in order to schedule this trigeneration system.
The proposed system has been mathematically modeled considering uncertainties. Further research will solve this model using a proper stochastic optimization method.
